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Abstract

Context: The liver, one of the most important organs of the body, is known to be responsible for several functions. The functional
contribution of the liver to the metabolism of carbohydrates, protein, drugs and toxins, fats and cholesterol and many other bio-
logical processes are still unknown. Liver disorders are classified into two types: acute and chronic. Different drugs are used in liver
diseases to treat and control pain. Most pain relief medications such as opioids are metabolized via the liver; therefore, the adverse
reactions of drugs are probably higher for patients with liver disease. The current study aimed to evaluate the effects of opioid drugs
on patients with liver disease; therefore, it is necessary to select suitable opioids for such patients.
Evidence Acquisition: This review was written by referring to research literature including 70 articles and four textbooks published
from 1958 to 2015 on various reputable sites. Searches were carried out on the key phrases of narcotic pain relievers (opioids), acute
and chronic hepatic failure, opioid adverse drug reactions, drug-induced liver injury (DILI) and other similar keywords. References
included a variety of research papers (descriptive and analytical), intervention and review articles.
Results: In patients with liver disease, administration of opioid analgesics should be observed, accurately. As a general rule, lower
doses of drugs should be administered at regular intervals based on the signs of drug accumulation. Secondly, the interactions of
opioid drugs with different levels of substrates of the P450 cytochrome enzyme should be considered.
Conclusions: Pain management in patients with liver dysfunction is always challenging to physicians because of the adverse re-
actions of drugs, especially opioids. Opioids should be used cautiously since they can cause sedation, constipation and sudden
encephalopathy effects. Since the clearance of these drugs in patients with hepatic insufficiency is decreased, the initial dose must
be decreased, the intervals between doses should be increased and some patients need to be continuously assessed.

Keywords: Opioids, Liver Disease, Adverse Drug Reactions

1. Context

The liver is one of the most important organs of the
body since it plays important roles in several functions (1,
2). The metabolism of carbohydrates (glycogen storage
and control), protein (metabolism of albumin and many
other proteins which play essential roles in homeostasis
and the immune system), drugs and toxins (metabolism
based on the activity of cytochrome enzymes, etc.) and fats
and cholesterol as well as many other biological processes,
some of which are still unknown (3, 4). Obviously, hepatic
impairments are vast and complicated.

Liver disease is the tenth most common cause of death
in the United States leading to 25000 deaths every year (5,
6). Liver disorders are classified into two groups: acute and
chronic. As disease initiates, liver cells are damaged or de-
stroyed. If the injury is mild and reversible, then liver cells

are reconstructed and the liver returns to its normal state;
however, if the damage is severe, reconstruction does not
happen and the damage to the liver is permanent. Perma-
nent injuries cause fibrosis, liver destruction, loss of func-
tion, bleeding disorders, high portal pressure and damage,
and or hepatic encephalopathy (7).

In terms of etiology, the most important causes of
acute liver disease in the world include viral infections
and alcohol or drug toxicity (especially in developed coun-
tries) (5). Viral hepatitis B and C, alcohol, autoimmune hep-
atitis and genetic disorders are major causes of chronic
liver dysfunction (1, 4). The slow and prolonged causes of
liver disease lead to increased number of patients. Since
liver disease causes several systemic problems, it is neces-
sary to look at the treatment type and particularly their
pharmacodynamics. Cirrhosis is the twelfth most com-
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mon cause of death in America. Patients with advanced
chronic liver failure (i.e. patients with cirrhosis) take
numerous complications in many biological systems in-
cluding coagulation disorders, gastrointestinal bleeding,
esophageal varices, gynecomastia and testicular atrophy,
albumin and cholesterol metabolism disorders, throm-
bocytopenia and leukopenia, anemia, hyponatremia, re-
nal dysfunction (hepatorenal syndrome), impaired lung
function (hepatopulmonary syndrome), nausea, anorexia,
spontaneous bacterial peritonitis, etc., all of which evi-
dence the vital role of liver (7-9). Because of the men-
tioned problems, patients with liver diseases are treated
with several drugs. Moreover, they are periodically treated
with surgery and endoscopic procedures which require
the use of many analgesics, including opioids. Based on
the importance of this issue for internists, a detailed dis-
cussion is formed known as drug-induced liver injury or
drug-induced liver injury (DILI) (10).

Another important problem which patients with liver
disease face is that unlike other diseases such as kidney fail-
ure, there is no numerical measure (such as glomerular fil-
tration rate) or specific guidelines to determine the sever-
ity of the liver failure. Some classifications are provided
according to serum albumin, bilirubin, coagulation time
and the presence of ascites, but a comprehensive protocol
is not developed yet (4, 10). Additionally, much of the re-
search relies on the pharmacokinetic properties of drugs
(even at low doses), but sufficient knowledge about the po-
tential harmful effects of drugs, particularly opioids, is not
available. In fact, comprehensive information regarding
pharmacodynamics is not available. Therefore, the admin-
istration of these drugs is more difficult (11).

Metabolic pathways of pain relief medications, in-
cluding opioids, pass through the liver (oxidation, de-
alkylation, conversion, and combining). Therefore, in pa-
tients with reduced hepatic function, the metabolic path-
ways are affected and the toxicity probability of these
drugs increases. Indeed, with liver disease in which the
metabolic pathways of drugs are disturbed, they are ex-
erted lowly and accumulate in plasma, which means that
the half-life of the drug will increase in the body and the
adverse drug reactions of this group of drugs appear more
severe (12).

Albumin is a protein which binds to and facilitates the
exertion of certain drugs. Albumin synthesis is decreased
with liver disease; therefore, it leads to increased serum
levels of some drugs. Thus, the risk of adverse drug reac-
tions increases (13).

Drugs are a collection of natural and chemical
morphine-like substances called opioids which bind
to opioid receptors in synapses. They all work as neuro-
transmitters in the body (endorphins) by affecting the

central nervous system that causes pain relieving (13). Opi-
oids act as analgesics through µ and κ receptors. Ability,
strength, and duration of action are different in opioids,
while their tendency for µ receptors and solubility in fat
(lipophilicity) determines the difference level (13, 14).

1.1. Hepatic Metabolism of Opioids

There are two different types of chemical reactions in
the liver metabolism of drugs. The first type is transfer-
oxidation reaction that is catalyzed by the cytochrome
P450 enzyme system and metabolizes most opioids. Clear-
ance of opioids decreases in liver failure and their bioavail-
ability increases. These changes may be considered as
secondary outcomes of the reduction in liver blood flow
(the limitation of primary route of metabolism) or the re-
duction of the cytochrome P450 enzymes levels. The sec-
ond group of chemical reactions consists of conjugation
and glucuronidation in the liver. The reactions are less af-
fected, since the glucuronidase are preserved in patients
with liver disease; moreover, extra-hepatic glucuronida-
tion is less affected by the hepatic criteria, and the opi-
oid metabolites are generally exerted by the kidneys. The
reduction in the serum albumin level changes the qual-
ity of opioid distribution volumes that either increases or
decreases the accumulation of drugs. Although there is
no practical method to test or predict the clinical observa-
tions, at least a part of most opiates are metabolized by the
liver. Therefore, the administration of opioids to patients
with liver failure is high risk and requires precaution be
taken to minimize their side effects (15, 16).

The current study used articles that population (P)
were over the age of eighteen and had liver disease, inter-
vention (I) was use of opioid drugs and outcome (O) was:
whether or not to use opioids in patients with liver disease.

2. Evidence Acquisition

2.1. Data Sources

The present study is a systematic review. The research
literature included 70 papers and four books published
from 1958 to 2015 at various reliable data bases (PubMed,
Medline (Ovid), Cochrane).

2.2. Study Selection

Searches were performed on keywords such as opioid
pain relievers (opioids), hepatic failure, acute and chronic
opioid adverse drug reactions, drug-induced liver injury
(DILI) and other similar keywords.

The primary search resulted in 145 articles and four
books. The irrelevant data including 75 irrelevant abstracts
or full-text review, duplicate records and lack of access to
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the full-text of the articles or books were excluded. Re-
sources included 17 review articles, 19 clinical trials, four
randomized clinical trials, five case-control, four books,
three cohort studies, six case reports or case series, one to
the editor and one web site.

2.3. Data Extraction and Quality Assessment

Two independent authors managed and ran the data
extraction and quality assessment. The quality of clini-
cal trials, cohort studies and case control studies were as-
sessed using CASP (critical appraisal skills program) with
their checklists. Furthermore, for cross sectional stud-
ies STROBE (strengthening the reporting of observational
studies in epidemiology) was used. Studies scoring more
than 50% were included in the review.

3. Results

In the current study, after the initial search and based
on the titles found, a total of 93 potentially relevant papers
were selected. After removing three duplicate studies, the
abstracts of these papers were carefully studied and 16 pa-
pers were excluded as they did not meet the inclusion cri-
teria. Finally 74 studies were included in the study (Figure
1), (Tables 1, 2, 3, 4, 5, and 6).

The metabolism, effects, and adverse reactions of each
opioid are discussed in the following paragraphs.

3.1. Morphine

Morphine is a very potent opioid. It is obtained from
opium which is the most effective compound. Morphine
mimics the body’s endorphins through µ and k receptors
in the central nervous system (CNS) (11, 13).

Medicinal morphine products are available in three
forms: oral (tablets and capsules), parenteral (intravenous,
subcutaneous, and intramuscular) and suppositories. Uti-
lization through inhalation is also possible. Ninety per-
cent of morphine is metabolized by the liver and ex-
creted by the kidneys. Morphine is metabolized into two
main metabolites through the glucuronidation pathways:
morphine-3-glucuronide (M3G) (60%) and morphine-6-
glucuronide (M6G). M6G is an active quencher, which is a
more potent analgesic than morphine; M3G has no anal-
gesic effect, but it leads to neurotic adverse drug reactions
(neurotoxicity) such as confusion. Morphine may also
be metabolized into small amounts of neuro-morphine,
codeine and hydro-morphine. Reducing morphine clear-
ance from plasma and increasing the half-life of the drug
in the blood are reported as consequences of its concentra-
tion (16, 17).

Table 1. Drugs (Part 1)

Drug Year

Morphine

Lewis and Stine (11) 2013

Tegeder et al. (13) 1999

Chandok and Watt (16) 2010

Rhee and Broadbent (17) 2007

Ferslew et al. (18) 2015

Dzierlenga et al. (19) 2015

Chen et al. (20) 2010

Shinagawa et al. (21) 2008

Razaq et al. (22) 2007

Kim and Harbott (23) 2004

Kotb et al. (24) 1997

Hasselstrom et al. (25) 1990

Crotty et al. (26) 1989

Mazoit et al (27) 1987

Patwardhan et al. (28) 1981

Imani et al. (29) 2014

Hydrocodone (Hydromorphone)

Harrison (4) 2012

Lewis and Stine (11) 2013

Swetz et al. (14) 2010

Chandok and Watt (16) 2010

Razaq et al. (22) 2007

Imani et al. (29) 2014

Mort et al. (30) 2011

Oxycodone

Lewis and Stine (11) 2013

Chandok and Watt (16) 2010

Mort et al. (30) 2011

Bosilkovska et al. (31) 2012

Using morphine increases the levels of fasting bile
acids in patients with nonalcoholic steatohepatitis; al-
though metabolism of morphine does not change in these
patients, morphine is eventually accumulated and leads to
morphine poisoning (18, 19). The amount of morphine for
pain relief was significantly lower in group three among
the following three groups of patients who underwent
surgery. Groups included: 1, kidney transplant donors; 2,
patients with liver cirrhosis and hepatitis B or C; 3, patients
with end-stage liver disease (20). In one case, the use of
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flowchart of the Study Selection Procedure

slow-release oral morphine for pain relief led to hepatic en-
cephalopathy in a patient with cirrhosis and liver cancer
(21). It was found that opioids, especially morphine and
hydromorphone should be used with caution in older pa-
tients due to reduced liver and kidney function and under-
lying diseases (22). It was found that morphine and fen-

tanyl can be easily used in a child with cirrhosis who was a
candidate for liver transplantation (23). Slow-release mor-
phine can be used with minimal doses and long intervals
for pain relief in patients with liver cirrhosis due to hepati-
tis B and C treated by sclerotherapy (24). The half-life of oral
and intravenous morphine is increased in patients with se-
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Table 2. Drugs (Part 2)

Drug Year

Codeine

Lewis and Stine (11) 2013

Tegeder et al. (13) 1999

Golzari et al. (15) 2014

Chandok and Watt (16) 2010

Imani et al. (29) 2014

Tegeder et al. (32) 2011

Meperidine, (Pethidine)

Lewis and Stine (11) 2013

Tegeder et al. (13) 1999

Chandok and Watt (16) 2010

Bosilkovska et al. (31) 2012

Katzung and Antony (32) 2010

Tegeder et al. (33) 1999

Grewal et al. (34) 1997

Danziger et al. (35) 1994

Pond et al. (36) 1981

Dwyer et al. (37) 2014

Methadone

Lewis and Stine (11) 2013

Chandok and Watt (16) 2010

Katzung and (32) 2010

Tegeder et al. (33) 1999

Dwyer et al. (37) 2014

Tintinalli et al. (38) 2010

Murphy (39) 2005

Saxon et al. (40) 2013

vere hepatic cirrhosis; hence, it should be cautiously used
in such patients (25). Hepatic excretion of morphine is
changed in patients with cirrhosis (26). The final half-life
of unchanged morphine (not metabolized) is also longer
in patients with liver cirrhosis (27). Removal of morphine
storage is not affected by moderate and severe cirrhosis.
However, morphine leads to mild sedation in these peo-
ple, it does not lead to hepatic coma (28). In patients with
liver disease, the minimum dose of the drug should be
used with the usual dose of medicine at regular intervals
in the early stages. If the liver failure is progressive, the
usual dose should still be used, but the medication inter-
val should be extended (29).

Table 3. Drugs (Part 3)

Drug Year

Tramadol

Lewis and Stine (11) 2013

Tegeder et al. (13) 1999

Chandok and Watt (16) 2010

Bosilkovska et al. (31) 2012

Website (41) 2011

Katzung and Antony (32) 2010

Tegeder et al. (33) 1999

Dwyer et al. (37) 2014

Tintinalli et al. (38) 2010

Murphy (39) 2005

Frank et al. (42) 2012

Loughrey et al. (43) 2003

Koth et al. (44) 2008

Buprenorphine

Tegeder et al. (33) 1999

Dwyer et al. (37) 2014

Murphy (39) 2005

Frank et al. (42) 2012

Zuin et al (45) 2008

Taura et al. (46) 2003

Donaher and Welsh (47) 2006

Soyka et al. (48) 2014

Eiden et al. (49) 2013

Ciccozzi et al. (50) 2012

Saxon et al. (40) 2013

Reddy et al. (51) 2007

Bruce and Altice (52) 2007

Deybach and Blanlœil (53) 1989

Juby et al. (54) 1994

3.2. Hydrocodone, Hydromorphone

Hydrocodone belongs to the group of long-acting or
slow sustained release opioid analgesics. It is a semi-
synthetic drug derived from codeine and is used as an anal-
gesic antitussive (4, 11, 14). Its drug products are available
only in oral form or in combination with non-opioid drugs
such as acetaminophen. Hydrocodone is a pre-drug that
is metabolized into hydromorphone and oxymorphone by
Cyp2D6 in the liver. Hydrocodone dosage titration is lim-
ited due to its non-narcotic composition (16, 22, 29).
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Table 4. Drugs (Part 4)

Drugs Year

Pentazocine

Tegeder et al. (13) 1999

Katzung and Antony (32) 2010

Tegeder et al. (33) 1999

Frank et al. (42) 2012

Pond et al. (55) 1980

Dextropropoxyphene

Lewis and Stine (11) 2013

Tegeder et al. (13) 1999

Mort et al. (30) 2011

Katzung and Antony (32) 2010

Frank et al. (39) 2005

Frank et al. (42) 2012

Bergeron et al. (56) 2002

Rosenberg et al. (57) 1993

In patients with hepatic failure, the half-life of hydro-
morphone is increased; therefore, overuse of these drugs
can certainly be toxic for the liver (17). In patients with se-
vere liver disease, the initial dose of both drugs should be
reduced to 50% the standard dose; if the disease is not ad-
vanced, then increasing the dose distances may be neces-
sary (15, 30, 71).

3.3. Oxycodone

Oxycodone is a semi-synthetic opioid which acts
through κ and µ opioid receptors (k-opioid receptors).
Its pharmaceutical products are provided in the oral
(tablets) and parenteral (intramuscular, intravenous)
forms. Oxycodone is metabolized into α and β oxycodone
metabolites by the CYP3A4 and CYP2d6 pathways in the
liver. However, none of these metabolites show consid-
erable quencher activity. In advanced liver failure, the
plasma concentration of oxycodone is increased up to
40%, half-life of quick release of the drug is increased
to 6.4 to 24.6 hours with an average of 14 hours, and its
useful half-life is raised to 3.5 hours (11, 16). Oxycodone is
administered in combination with paracetamol and its
consumption leads to liver dysfunction (30). Bioavailabil-
ity of hydromorphone and oral oxycodone in patients
with liver problems is dramatically increased; therefore,
their doses should be reduced or the interval between
administrations should be increased (31). The initial dose
of oxycodone in patients with severe hepatic insufficiency

Table 5. Drug (Part 5)

Drug Year

Fentanyl

Lewis and Stine (11) 2013

Tegeder et al. (13) 1999

Swetz et al. (14) 2010

Chandok and Watt (16) 2010

Bosilkovska et al.(31) 2012

Katzung and Antony (32) 2010

Tintinalli et al.(38) 2010

Murphy (39) 2005

Ko et al. (58) 2012

Haberer et al. (59) 1982

Jin et al. (60) 2011

Pouraghaei et al. (61) 2014

Remifentanil

Soleimanpour et al. (2) 2015

Lewis and Stine (11) 2013

Bosilkovska et al. (31) 2012

Murphy (39) 2005

Frank et al. (42) 2012

Servin (62) 2003

Hagiwara et al. (63)

McCammon et al. (64) 1978

Dershwitz and Rosow (65) 1996

Dumont et al. (66) 1998

Wilhelm and Kreuer (67) 2008

should be reduced to 30% - 50% of the standard starting
dose (15, 71).

3.4. Codeine

Codeine, or 3-methylmorphine, is an opioid which acts
as an analgesic, antitussive, anti-hypertensive, anti-anxiety
and sedative, and it has hypnotic effects. Its oral, supposi-
tory, or injection (subcutaneous and intramuscular) med-
ication forms are available (11, 13, 15).

Codeine is converted to morphine by cytochrome p450
Cyp2D6 enzymes in the liver. Since codeine is not metabo-
lized in patients with hepatic failure (due to the reduced
capacity of the enzyme), its analgesic effects may not ap-
pear in this group of patients; therefore, patients with hep-
atic failure should avoid taking these drugs (16, 29). An-
other analgesic instead of codeine is recommended to con-
trol pain in patients with liver failure (13, 71). Although
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Table 6. Drugs (Part 6)

Drugs Year

Sufentanil

Tegeder et al.(13) 1999

Soleimanpour et al. (2) 2015

Lewis and Stine (11) 2013

Bosilkovska et al. (31) 2012

Tegeder et al. (33) 1999

Murphy (39) 2005

Frank et al. (42) 2012

Pouraghaei et al. (61) 2014

Wilhelm and Kreuer (67) 2008

Chauvin et al. (68) 1989

Alfentanil

Tegeder et al. (13) 1999

Bosilkovska et al. (31) 2012

Katzung and Antony (32) 2010

Tegeder et al. (33) 1999

Murphy (Murphy 2005) 2005

Frank et al. (42) 2012

Pouraghaei et al.(61) 2014

Wilhelm and Kreuer (67) 2008

Baririan et al.(69) 2007

Davis et al. (70) 1989

codeine is frequently used to treat patients with liver fail-
ure, especially patients with cirrhosis, because of its con-
version to morphine, serum levels can be highly variable
(71). Codeine can cause respiratory depression called mor-
phinemia in patients with liver failure because of the accu-
mulation of its metabolite (29, 41).

3.5. Meperidine (Pethidine)

Pethidine is a synthetic opioid. It has lower addictive
properties than morphine. It has an analgesic effect via
theµ-opioid receptors. Oral (tablets) and parenteral (intra-
venous, intramuscular) medication forms are available (11,
13, 32).

Pethidine is converted to norpethidine through
methylation, and becomes pethidine acid through hy-
drolyzing by CYP3A4 and CYP2B6. Norpethidine is re-
sponsible for more than 50% of the analgesic effect in
pethidine. In liver disease, the clearance of meperidine is
reduced, and its half-life is prolonged. Seizure is a common
adverse drug reaction of meperidine and normeperidine

which may occur even at reduced dosages in patients with
hepatic insufficiency (15, 16). In addition, this compound
is responsible for the neurotoxic effects of hallucinogens
and seizures of pethidine. Most pethidine metabolites are
excreted in the form of glucuronic acid from the kidney;
therefore, a more neurotoxic effect appears in kidney
failures (16, 31, 32). In renal failure, meperidine can cause
seizure due to accumulation of its toxic metabolites i e,
normeperidine, but it should be cautiously administered
in liver failure (33). In patients with lysosomal storage
diseases such as Niemann-Pick, meperidine can be used
for sedation of children to examine diagnosis and biopsy
(34). Normeperidine is the toxic metabolite of meperidine,
excreted through the kidneys; therefore, it increases in
patients with renal failure and cancer. In patients with
liver cirrhosis, meperidine is decreased; thus its accumula-
tion causes CNS suppression and hepatic encephalopathy
(35). Meperidine administration mode does not affect its
metabolism. Meperidine production is lower in patients
with cirrhosis due to impaired liver function and its toxic
effects are lower, but its toxic effects appear due to cumu-
lative effect and its narcotic effects on the CNS increase
(36).

3.6. Methadone

Methadone is a potent synthetic opiate drug which is
less addictive than morphine and heroin. It is utilized as a
maintenance drug for heroin addiction inhibition (11, 32).

It has oral, parenteral (intravenous, intramuscular),
suppositories, inhalation and subcutaneous medicinal
forms. It is metabolized by enzymes cyp3A4 and 1A2 in the
liver; therefore, its clearance is reduced in severe hepatic
insufficiency. Although methadone is a drug with a high
affinity for binding to protein, it does not produce toxic
metabolites (32, 37, 38). Thus, it is better tolerated in pa-
tients with liver failure. If standard and regular doses of
methadone are utilized, information shows no change in
patients with mild to moderate hepatic insufficiency (16,
33). However, in patients with severe hepatic failure, the
half-life of the drug increases, and it should be taken with
caution (13, 38). In patients with hypoalbuminemia, the
lowest dose should be given (29). Methadone is contraindi-
cated in severe liver disease (39).

3.7. Tramadol

Tramadol is known with the trade names Tramal, Tram
and Biomadole. It is an opium-like pain killer that is con-
sidered as an opioid. Tramadol is administrated for relief
of moderate to severe pain. Tramadol is an agonist for
the µ opioid receptor and noradrenergic and serotoner-
gic systems receptors that increase serotonin release and
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inhibit norepinephrine reuptake. The medicinal forms of
this drug are available as tablets (retard), drops, injections
and suppositories (11, 16, 38).

Tramadol is metabolized by cyp3A4 and cyp2D6 in the
liver, and it is excreted in the urine. When receiving 100
mg of tramadol, the blood level of the drug reaches max-
imum amounts in two hours. Thirty percent of tramadol
remains unchanged, and 60% of it is excreted in the urine
as broken metabolites in the liver. The half-life of the drug
is four to six hours. The compounds are metabolized to ac-
tive metabolites in the liver which show the quencher ef-
fects. Since the metabolic enzymes of the liver are reduced
in patients with liver failure, the drug may not be metab-
olized to its active metabolites that reduce the effects of
the enzymes. Basically, the use of alternative materials for
pain relief is recommended (13, 31, 41). Similar side effects
of other opium-like drugs are also observed in tramadol
(nausea, dizziness, drowsiness, dry mouth, delayed ejacu-
lation, constipation, hypotension, sweating and itching).
However, the risk of respiratory depression, which is the
most fatal complication of these drugs, appears less with
oral tramadol than with morphine (32, 33, 37). The con-
sumption of this drug causes nausea more than the con-
sumption of other opioids because of the increased lev-
els of serotonin. For people without physical dependency
to opioids, the consumption of more than 400 mg of tra-
madol will be dangerous. Seizure is one of the rare but
serious adverse reactions of tramadol. Seizure is usually
caused by utilizing too much of the drug in patients with
epilepsy and brain injury, those who have kidney or liver
problems, or people who are addicted to alcohol. In some
studies, it is suggested that tramadol is one of the opiates
administered in patients with severe and persistent pain
of cirrhosis (Its effects on peripheral pain pathways for in-
hibition of relative serotonin reuptake are low affinity for
opioid receptors). Constipation appears because of the an-
ticholinergic effects of tramadol. The use of tramadol in
patients with liver failure has led to challenges (32, 38, 41,
42). High doses of tramadol caused the death of a 67-year-
old male with a painful rib fracture. Pathology revealed
that it was because of acute liver failure due to fulminant
liver necrosis. It was the first report of tramadol-induced
hepatic failure (43).

Oral tramadol can be used for patients with primary
cancer or metastatic liver cancer, provided that adminis-
tration intervals are more, therefore, a dose of 50 mg every
12 hours can be effective and safe (44).

3.8. Buprenorphine

Buprenorphine is a semi-synthetic opioid derived from
the baine. It is a partial agonist of µ receptors, and is also a

potent antagonist of k receptors. This drug is also useful to
treat drug addicts (32, 42).

The medicinal forms of buprenorphine include in-
jectable (intravenous, intramuscular), suppositories, sub-
lingual, intranasal and transdermal forms. It is metabo-
lized in the liver, processed by cyp2c8 and cyp3A4 to nor-
buprenorphine, and excreted through the kidneys and
bile. In patients with severe cholestasis, the clearance of
drugs which are metabolized in the liver, such as buprenor-
phine, are threatened (33, 37, 39). Buprenorphine is a semi-
synthetic opioid, more often used to treat heroin depen-
dency withdrawal. Liver threatening complications are re-
ported at therapeutic doses in a few patients with hep-
atitis C. Pathologic study revealed that mitochondria are
mostly affected by toxic effects of buprenorphine (45). In
patients with hepatitis B or C, opioids may be used to re-
duce pain; however, in this group of patients liver function
should be evaluated through tests (46). Particularly in pa-
tients with hepatitis C, repeated intravenous administra-
tions of buprenorphine will definitely cause liver damage
(47). A 12-month study revealed that although treatment
with buprenorphine or naloxone can lead to increased
liver enzymes in the treatment of opioid dependents, it
will not lead to liver damage, therefore, it can be used
safely (48). The use of nasal buprenorphine is increasing
and one case was reported to cause hepatitis and renal fail-
ure (49). Higher doses of buprenorphine can be used in
end stage ill patients with progressive liver failure (50). A
study revealed that the use of buprenorphine in the first
six months in patients with underlying hepatitis B and C
slightly affects the increased serum levels of liver enzymes
(40). Transdermal buprenorphine can be effective in the
treatment of pruritus in patients with primary biliary dis-
ease, but does not exacerbate liver complications (51). Liver
enzymes level are increased in patients with hepatitis C
who are treated with buprenorphine; however, buprenor-
phine treatment is well tolerated by such patients and en-
zyme levels return to normal level after cessation of treat-
ment (52). Buprenorphine can be used for patients with
hepatic porphyria, and has no effect on their liver function
(53). Buprenorphine should be cautiously used in patients
with severe hepatic pruritus due to cholestasis (54).

3.9. Pentazocine

Pentazocine is a synthetic drug which is the agonist or
antagonist of opioids. Its drug forms include oral and in-
travenous (IV) (42).

The metabolism of pentazocine is hepatic, and it is ex-
creted through the urine. It is more likely to cause illu-
sions than morphine. In patients with the precedent of
addiction, it causes withdrawal symptoms. The doses of
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this drug should be reduced in patients with hepatic in-
sufficiency (13, 33). It is required to administer pentazocine
cautiously in patients with diseases of the gallbladder and
bile ducts (32, 55). Bioavailability of meperidine and pen-
tazocine is increased in patients with liver cirrhosis; there-
fore, oral doses of these medications should be reduced
in these patients, and when there is a need to repeat the
dose in oral or intravenous mode, intervals should be pro-
longed between doses or repeated dose should be less than
the initial dose (55).

3.10. Dextropropoxyphene

Dextropropoxyphene is a synthetic and weak opioid
analgesic which affects µ receptors and is metabolized in
the liver (32, 42).

The only drug product of dextropropoxyphene is the
oral form available in combination with non-opioid drugs
such as acetaminophen (11, 13). Evaluation of four patients
showed that dextropropoxyphene and paracetamol com-
bination can cause hepatotoxicity and can occur in form
of cholestasis or cytolytic hepatitis or cholangitis, but the
outcome of these patients is better as the discontinua-
tion of the medication will lead to disappearance of the
changes (56). A study of 90 patients showed that dextro-
propoxyphene will cause hepatotoxicity; biopsies of pa-
tients demonstrated that the drug can cause centrilobu-
lar cholestasis (57). The blood level of this drug increases
in chronic liver disease which intensifies its effects (30, 39,
42).

3.11. Fentanyl

Fentanyl is an opioid with a high absorption coefficient
of the liver that binds to serum albumin. Fentanyl is avail-
able in TD, intramuscular (IM), intravenous (IV), oral, trans-
mucosal, sublingual and buccal medicinal forms.

This drug is mainly metabolized by the liver and is ex-
creted through the kidneys (11, 14). Moreover, less than 8%
of the drug is excreted through the kidneys without be-
ing metabolized in the liver (32, 38). Fentanyl is primar-
ily metabolized by cyp3A4 and is distributed in the mus-
cle and fat immediately after administration. Although
the duration of its half-life, dose repetition and single-dose
were prolonged, the single-dose pharmacokinetics of in-
travenous fentanyl in patients with liver failure did not
change (39). There is no information about its continu-
ous infusion consumption (13, 16). Transdermal fentanyl
is not adequately studied for the treatment of hepatic fail-
ure; however, it is assumed that liver failure can alter the
permeability of the skin and drug absorption. The clini-
cal relevance of this, however, has not been determined (17,
48). Although pharmacokinetics of phenyl pyridines such

as fentanyl, sufentanil and remifentanil is not affected in
patients with liver failure, all of them can cause hepatic
encephalopathy, particularly in patients with severe liver
failure (31). In patients with liver cirrhosis who undergo
general anesthesia, fentanyl pharmacokinetics is not ini-
tially affected (58). Most opioids are metabolized in liver
through glucuronidation, but fentanyl is cleared by the hy-
drolysis of ester (59). It was found that morphine and fen-
tanyl can be easily used in a child with cirrhosis who was a
candidate for liver transplantation (23). Some experts rec-
ommend fentanyl as a proper opioid for liver failure, but
that is an entirely empirical judgment (60, 61, 71).

3.12. Remifentanil

Remifentanil is an ultra-short-acting synthetic drug
and also a potent agonist for µ receptors. It contains
all pharmacokinetic properties of this class of drugs
(analgesic, hemodynamic stability, respiratory depression,
muscle tightness, itching, nausea and vomiting) (11, 42, 62).

It is available as an intravenous drug form. Unlike
other opioids, Remifentanil has no hepatic metabolism; it
is metabolized by nonspecific tissue and plasma esterase
and is broken to remifentanil (42, 62). Since histamine is re-
leased during the drug administration, an antihistamine
drug should be administered simultaneously (2, 39). Al-
though pharmacokinetics of phenyl pyridines such as fen-
tanyl, sufentanil and remifentanil are not affected in pa-
tients with liver failure, all of them can cause hepatic en-
cephalopathy, particularly in patients with severe liver fail-
ure (31). In a report about a 74-year-old female with under-
lying liver and kidney problems who underwent hepatec-
tomy, it was found that remifentanil can be quite effective
and used safely (63). In patients with severe impairment of
the hepatic metabolism, remifentanil remains unchanged
and does not cause hepatic encephalopathy. Therefore, it
could be a good post-operative analgesic (64, 65). Remifen-
tanil can be used for patients with severe liver dysfunction
(66, 67).

3.13. Sufentanil

Sufentanil is a synthetic opioid that is 5- to 10-times
more potent than fentanyl. It is available in IV, IM, sub-
cutaneous (sub-Q), epidural, intrathecal, and transdermal
patch (in clinical trials) drug forms. This drug is metabo-
lized in the liver (2, 11, 13, 42). The half-life of an intravenous
single dose of sufentanil does not change in liver failure
(61).

Although pharmacokinetics of phenyl pyridines such
as fentanyl, sufentanil and remifentanil are not affected in
patients with liver failure, all of them can cause hepatic
encephalopathy, particularly in patients with severe liver
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failure (31, 33). Sufentanil should be cautiously utilized in
patients with hepatic insufficiency, similar to fentanyl and
alfentanil (39). This is also true regarding the continuous
consumption of its infusion in the ICU (61, 68). Sufentanil
can have a similar effect in a single dose on patients with
uncomplicated liver cirrhosis and patients with normal
liver function (67, 68).

3.14. Alfentanil

Alfentanil has a short-term effect, synthetic opioid fen-
tanyl is 4 times faster than fentanyl. It affects µ recep-
tors and causes less cardiovascular complications than fen-
tanyl and remifentanil (13, 31, 39). It is available as an in-
travenous medicinal form. Alfentanil is metabolized in the
liver (32, 42).

In patients with mild to moderate cirrhosis, the mio-
sis created by alfentanil can be an alternative measure
of the pharmacokinetic alfentanil (69). In children with
cholestatic liver disease, alfentanil can be easily used as
an analgesic and the dose is similar to normal people and
should not be changed (70). A lower dose of this drug must
be administrated to patients with chronic liver failure due
to the reduced clearance of alfentanil and its concentra-
tion in the blood (33, 61, 67).

4. Conclusions

In patients with liver disease who need the pain med-
ication relief, caution should be made in the administra-
tion of opioid analgesics. The correct dose of drug is the
one which relieves the pain and has fewer adverse drug re-
actions (13, 72). As a general rule, it is necessary to use low
doses of medication at regular intervals according to the
signs of drug accumulation. Pain management in patients
with liver problems has always been a challenge because
of the effects of drugs, especially opioids (14, 71). Opioids
should be used cautiously since it causes analgesia, seda-
tion, constipation and sudden encephalopathy in patients
with liver failure (39). On the other hand, pain manage-
ment in patients with cirrhosis is a difficult clinical chal-
lenge for health care providers (61, 62). Safely relieving
the symptoms of pain is one of the tasks of health care
providers. Moreover, it is believed that these precautions
should be made by all health care providers involved in the
treatment. Although it is recommended that opioids be
used with caution, the fear of sudden encephalopathy and
the sedative effects of these drugs are facts. The appropri-
ate management of pain therapy in patients with liver fail-
ure who are candidates for liver transplantation is impor-
tant in order to improve the performance and quality of
life for this group of patients. For the patients with hepatic

insufficiency who are not candidates for liver transplan-
tation, palliative treatment is sometimes necessary and
some opioids can be used (13, 14). Opiates can be safely used
to reduce pain and distress even in patients with advanced
liver disease, advanced kidney disease, lung disease, and
heart disease, as these drugs are preferred to NSAID and
other pain relief medications (14, 73). In various methods,
low doses of opioids such as fentanyl are routinely used in-
travenously (with a short half-life), oral or intravenous hy-
dromorphone is used to relieve pain, and the researchers
believe that these methods can be safe. Since clearance of
these drugs is decreased in patients with hepatic insuffi-
ciency, the initial dose should be reduced while the inter-
vals between doses increased, and in some cases there will
be a need for continuous visits and control of vital signs.
The adverse drug reactions of opioids can be reversed by
naloxone (64, 74).
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